SUMMARY The relationship of education to risk factors at baseline and to long-term mortality from coronary heart disease (CHD), cardiovascular diseases (CVD), and all causes was analyzed for three cohorts of middle-aged employed white men in Chicago: 8047 from the Chicago Heart Association Detection Project in Industry (CHA) (entry 1967-1973), 1250 from the Peoples Gas Company Study (PG) (entry 1958-1959) and 1730 from the Western Electric Study (WE) (entry 1957-1958). Each man was classified into one of four groups: not a high school graduate, high school graduate, some college but not a graduate, or college graduate. For all three cohorts, a graded, inverse association was observed at baseline between education and blood pressure, which was statistically significant for CHA and WE men and independent of age and relative weight. For all three cohorts, a significant, graded, inverse association was also recorded between education and cigarette use at entry. For serum cholesterol, no clear pattern was observed for the education groups in any of the three cohorts. CHA men showed a graded, inverse relationship between education and relative weight. This cohort was the only one of three showing a significant, graded inverse association between education and prevalence of ECG abnormalities at entry. For this CHA cohort, 5-year follow-up data showed a statistically significant, graded, inverse relationship between education and ageadjusted mortality rates from CHD, CVD and all causes. With adjustment for entry age, diastolic pressure, cigarettes, serum cholesterol, relative weight and ECG abnormalities, this inverse relationship remainedreduced in degree, but still statistically significant for CVD mortality. Similarly, for the pooled PG-WE cohort of 2980 with 20-21 years of follow-up, education and the three mortality end points were inversely related but not graded, with statistical significance for all three end points in the univariate analyses. The results of these studies indicate inverse relationships between education and lifestyle-related risk factors at baseline and between education and long-term risk of CHD, CVD and all-causes mortality. The inverse relationship between education and mortality is accounted for in part by the established major biomedical risk factors. SOCIAL CONDITIONS are widely believed to be important in influencing the development of coronary heart disease (CHD). Several investigations have reported an association between education and risk of CHD. However, whether education is related to CHD over and above the well-established major coronary risk factors is unclear. [1] [2] [3] [4] [5] [6] [7] Data from three epidemiologic studies in industry in Chicago provided an opportunity to examine this question. In this report we assessed whether educational level is associated with risk of death from CHD, all
SOCIAL CONDITIONS are widely believed to be important in influencing the development of coronary heart disease (CHD). Several investigations have reported an association between education and risk of CHD. However, whether education is related to CHD over and above the well-established major coronary risk factors is unclear. [1] [2] [3] [4] [5] [6] [7] Data from three epidemiologic studies in industry in Chicago provided an opportunity to examine this question. In this report we assessed whether educational level is associated with risk of death from CHD, all cardiovascular diseases (CVD), and all causes independent of the major CHD risk factors in middle-aged white men from the Chicago Peoples Gas Company (PG), the Chicago Western Electric Company (WE) and the Chicago Heart Association Detection Project in Industry (CHA) studies.
Materials and Methods
The PG study, initiated on January 2, 1958, is a long-term prospective epidemiologic investigation of a middle-aged male population. Of the 1594 male employees ages 40-59 years on that date, 1465 (91.9%) underwent complete physical examination in [1958] [1959] . Socioeconomic d,ata were obtained from personnel records. Details of this study have been described. ' The cohort used here involves 1250 white men free of definite CHD at entry and with complete baseline data on all relevant variables. Mortality is based on 21 years of follow-up of all men in the cohort.
The WE study is a longitudinal investigation of CHD begun during the fall of 1957 among men originally ages 40-55 years employed by the Hawthorne Works of the Western Electric Company in Chicago. The 5397 men ages 40-55 years employed at the works RELATION OF CHD TO EDUCATION/Liu et al.
for at least 2 years as of 1957 were assigned an identification number by a randomizing process. Of the randomly selected group of 3102 men invited to participate, 2080 (67. 1 %) accepted. They, plus a pilot group of 27 other men, underwent complete physical examination in 1957 or 1958. Details of this study have been described.9 The present study is based on the experience of 1730 white men free of clinical CHD at entry, and with complete data on all relevant variables. Information about education was obtained by a self-administered questionnaire at the third annual examination (1960) . Mortality is based on 20 years of follow-up.
The CHA study is a cross-sectional and prospective investigation of 39,572 young adult and middle-aged men and women, black and white, screened from November 1967 to January 1973 in 84 cooperating companies and organizations in Chicago. These persons made up 55% of all people employed by these industries. At each site of employment, standardized tests were administered by a specially trained team of nurses and technicians. The survey data included educational background. The study has been described in detail. 10 The data used in this analysis are for 8047 white males ages 40-59 years free of definite myocardial infarction at baseline, with complete data on all relevant variables; mortality data are based on a mean follow-up of 5 years.
To determine the association between education and death from CHD, CVD and all causes, each individual was classified into one of the four groups. 1 -not a high school graduate; 2 -high school graduate; 3 some college; and 4 -college graduate. Mortality patterns for these four strata were assessed with adjustment for age with use of a logistic analysis of covariance. This model was also used to adjust for differences among the four strata in baseline age, diastolic pressure, cigarette smoking, serum cholesterol, relative weight and ECG abnormalities. The criteria for major and minor ECG abnormalities are those of the National Cooperative Pooling Project.", 12 Relative weight is the ratio x 100 of observed weight to desirable weight for height and sex from life insurance data. 13 The logistic analysis of variance was based on the model
where p is the probability of death from CHD, CVD or all causes, X,, X2, X3 and X4 are the four 0-1 variables for the four education levels (note: no constant term in the model) and the remaining variables are for the other risk factors. The maximum likelihood method was used to estimate the coefficients. The the constant term and the other risk factors but not the four education variables) was used to test the statistical significance of the differences in the mortality rates for the four education groups; the ninety-fifth percentile of the chi-square distribution with 3 degrees offreedom is 7.815.
In the logistic analysis of covariance, when the PG and WE cohorts were pooled, a 0-1 variable was used to adjust for mortality differences between the two cohorts.
Results
Chicago Heart Association Detection Project in Industry Education and Risk Factors at Baseline
The relationship between level of education and risk factors at baseline for the CHA cohort is shown in table 1. Age, diastolic pressure, relative weight, cigarette smoking and ECG abnormalities showed a significant inverse relationship with level of education. The inverse association between education and blood pressure was independent of age and relative weight. Mean serum cholesterol levels are similar among the four groups. For smokers, the average number of cigarettes smoked per day is similar in the four groups.
Five-Year Mortality Data Table 2 presents 5-year age-adjusted mortality rates for death from CHD, CVD and all causes by level of education. There was a statistically significant, inverse, graded relationship between level of education and the three death end points (p < 0.05). Men in the lowest educational level experienced coronary, cardiovascular and all-causes death rates two to three times higher than those in the highest educational level.
To assess whether differences in entry diastolic pressure, serum cholesterol, cigarette smoking, relative weight and ECG abnormalities among the education categories might account for the age-adjusted differences in mortality, a multiple logistic analysis of covariance was performed (table 3) . A graded, inverse relationship was still registered between education and the three mortality end points, but it was less marked than with age adjustment alone. Death rates for men in the lowest education category were 1.6-2.3 times the rates of those in the highest. For CVD mortality, the relationship was statistically significant; for CHD and all-causes mortality, it no longer was. 
20-21-year Mortality Data
Since both the baseline risk factor patterns (tables 4 and 5)-and 'the long-term 'mortality findings* were broadly s'imilar for the two cohorts first examined concurrently in the late 1950s, the data were combined, as was done previously in the National Cooperative Pooling Project. 'With 2980 men in the combined cohort, the problem of small cell size -present for each of these studies considered separately -was avoided (table 6) .
For these 2980 men, 20-21-year mortality rates for all three end points were highest for the least educated and lowest for the most educated; mortality ratios were 1. 7, 1.6 and 1.6 for CHD, CVD and all causes, respectively (table 6 ). The differences were statistically significant for all three end points. The relationship between education and mortality was not graded; for all three end points, the rates were higher for those with some college education than for high school graduates.
Withrmultivariate adjustment, similar relationships were evident (table 7) . While mortality rates were higher for the least educated compared with college graduates (with ratios of 1.4, 1.3 and 1.2 for CHD, CVD and all deaths, respectively), the lowest rates *Results of the analyses on the mortality of each study are available on request. college graduate.
were among those who completed high school. The difference among the rates of the four strata for CHD and CVD mortality were not statistically significant; for all causes, it was statistically'significant.
Discussion
In this study, we found an inverse relationship between education and several key variables related to CVD, both at baseline and in subsequent mortality.
In regard to baseline blood pressure, in all three cohorts, a graded inverse association with educational level was observed, and this was statistically signifi- graded relationship between education and mortality lessened but was still evident, remaining statistically significant for CVD death. These findings for the CHA cohort, surveyed from late 1967 to early 1973 and then followed for 5 years, may be relevant in regard to the declining mortality rates from CHD, CVD and all causes in the United States for the years 1968-1978: For the population overall, there is evidence that changes in lifestyle and lifestyle-related risk factors -diet, serum cholesterol, cigarette smoking, leisure time exercise -have all been greater among the more than the less educated.22 Such reports permit formulation of an hypothesis: If changes in lifestyle and lifestyle-related risk factors are etiologically implicated in the decline in mortality rates, then the more educated should have experienced steeper decreases in mortality than the less educated. between education and mortality was not graded. Antonovsky24 pointed out that several studies done in 1930-1950 reported a direct gradient for the relationship between socioeconomic class and risk of CVD for the older age group and an inverse gradient in the younger age groups. No clear gradient was observed for many studies conducted after 1950. Jenkins25 further suggested a changing pattern in the relationship between socioeconomic status and risk of CHD, i.e., in the early years, the upper socioeconomic classes were at elevated risk of CHD, whereas now, the lower socioeconomic classes appear to have the higher risk. 25 This pattern change may partially explain the difference in the relationship between education and mortality observed in WE-PG compared with CHA cohort, initiated 10-15 years after the WE-PG studies.
Another aspect of the data suggests the need for further investigation. In most analyses (both univariate and multivariate), those with some college education had higher rates than high school graduates with no college, i.e., groups 1 and 3 (some high school but not graduated and some college but not graduated, respectively) had rates higher than those of groups 2 and 4. These data suggest that middle-aged white men at midcentury who had not completed a level of formal education, be it high school or college, were at greater risk of CHD, CVD and all-causes mortality than those who had completed one or the other of these levels as their educational achievement. Data from other cohorts are needed to test this hypothesis.
The relationship between education and CHD risk has been explored in at least three other cohorts of American men. In a 5-year study of male employees originally ages 30-59 years in the Bell System Operating Companies, those categorized as low in educational attainment had a significantly higher CHD incidence than those classified as high.' The Western Collaborative Group Study found that college graduates were at lower risk than those who had completed high school only or had gone to college without graduating.
I With control for other risk factors in multiple logistic analysis, educational level was not significantly related to risk for men originally ages 39-49 years, with statistical significance borderline for men ages 50-59 years at entry.3 The Framingham study also found a lower CHD incidence among the higher than the lower educated during its first 6 years of follow-up.6 This trend persisted but was not statistically significant after adjustment of age. In the Whitehall Study of civil servants, men of higher employment grade had a lower CHD risk than men of lower employment grade.7 The differences could be explained only in part by differences in the major biomedical risk factors.
In conclusion, several prospective epidemiologic studies of cohorts of middle-aged white men, including the three Chicago investigations reported here, have yielded reasonably consistent data indicating an inverse relationship between social status (as measured by educational attainment or occupation) and CHD risk. Their findings further suggest that these differences are due in part to differences in lifestyle-related established major risk factors. A practical conclusion for medical care and public health from these findings is that special efforts are needed to more effectively reach the less educated strata of the population in regard to habits of eating, smoking and exercise, so that in the important area of the established major biomedical risk factors they achieve the more favorable status of the more educated. In addition, the observed independent inverse association between eduction and smoking, blood pressure and risk of mortality over and above the impact of known risk factors suggests that socioeconomic status has a complex impact on health. One implication of these findings is that progressive improvement in educational and socioeconomic level of the population can contribute to control of the contempory epidemic of hypertensive and atherosclerotic cardiovascular diseases. This inference for the modern period in the industrialized countries is in keeping with lessons learned in regard to control of the earlier epidemics of the undernutritional and infectious diseases.
A theoretical conclusion for research from these data is that more work is needed to elucidate the mechanisms of the independent relationship between education and blood pressure and between education and risk of CHD, CVD and all-causes mortality.
